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| IoTopikn avadpoun
1924: Np»T1n MEpIypaen amo tov Eli Moschowitz

AN ACUTE FEBRILE PLEIOCHROMIC ANEMIA WITH
HYALINE THROMBOSIS OF THE TERMINAL
ARTERIOLES AND CAPILLARIES

AN TUNDESCRIBED DISEASE ¥

ELTI MOSCHCOWITZ, M.D.

NEW YORK

This case is remarkable, clinically and anatomically.

[epIypaPr VEKOOTOUIKWYV ELPNUATWY OE - TIOONYOLHEVAC LYIEC - KOPITOI 16 £TQV,
LIE:

« Abuvvauia avw aKpwv, AAYOC KAPTTWV — AYK®WVWYV, Eviovn wxpotnta,
EAappa SvuokoihiotnTa, MNMupeto, MeTexeleg, Avaluia, ©@poppoTrevia

e Y& 4 NuUEPES: AP NUITTAPECN — TTVELHIOVIKO OISNUA - KWUA — BAvVATOG

«  Nekpotoun: @poupol LaAiVNG OTa TEAIKO APTNPIOAIA — TRIXOEISN
From these observations we conclude that death, in the case
described, resulted from some powertful poison which had both agglu-
tinative and hemolytic properties. If opportunity offers, further
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correlates with the pathological
TMA lesion

George J. et al NEJM 2014;371:645-
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Opioyoi

OpPOouPB®TIKN HIKpOayyEloTaBsia -
Thrombotic Microangiopathy (TMA):

NaBoAoyoavaTtouikog OpO¢ — oisnua n
SIA0TTA0N TV €vE0ONAIOKWY KOTTAPWY HE DAAIVON N
IVGEN VEKPWON OLVNBWCE XWPIC PAEYUOVWEN SINBNoN

MikpoayyeloradnTikn AIgoALTIKN Avaipia —
Microangiopathic Hemolytic Anemia
(MAHA): KAIVIKOC OPOG - n avoon aigoAuon
(Coombs Apv.) TTOL TTOOKAAEITAI ATTO £VOAYYEIOKO

KAOTOKEQUATIOUO TRV £PLBPOKLTTAP WY — OXIOTOKLTTAPO
OTO ETTIXPIOUA TTEQIPEPIKOL AIUATOC




@poupwrikeéc Mikpoayyelonadeieg

Table 1. Primary Thrombotic Microangiopathy (TMA) Syndromes.*

Name Cause Clinical Features

Hereditary disorders

ADAMTS13 deficiency—
mediated TMA
(also called TTP)

Initial Management

Initial presentation is typically in children but Plasma infusion
may also be in adults; possible evidence of

ischermic organ injury; acute kidney injury

is uncommon; patients with heterozygous

mutations are asymptomatic

Homozygous or compound
heterozygous ADAMTS13
mutations

Plasma infusion or
exchange, anti-
complement agent

Complement-mediated TMA  Mutations in CFH, CFI, CFB, C3,
CD46, and other complement
genes causing uncontrolled
activation of the alternative

pathway of complement

Initial presentation is often in children but
may also be in adults; acute kidney injury is
common; patients with heterozygous
mutations may be symptomatic.

Metabolism-mediated TMA  Homozygous mutations in Initial presentation is typically in children Vitamin By, betaine,

MMACHC (encoding methyl- <1 year of age; also reported in one young folinic acid
malonic aciduria and homo- adult with hypertension and acute kidney
gystinuria type C protein} injury.

Coagulation-mediated TMA  Homozygous mutations in Plasma infusion
DGKE; mutations in PLG

and THBD also implicated

Initial presentation with acute kidney injury
is typically in children <1 year of age with
DGKE mutations; clinical features of dis-
orders associated with other mutations
have not been described.

Acquired disorders

ADAMTS13 deficiengy—
mediated TMA
(also called TTP)

Autoantibody inhibition of
ADAMTS13 activity

Initial presentation is uncommen in children;
often presents with evidence of ischemic
organ injury; acute kidney injury is
uncommen.

Plasma exchange,
immunosuppression

Shiga toxin—mediated TMA
(also called ST-HUS)

Drug-mediated TMA
(immune reaction)

Drug-mediated TMA (toxic
dose-related reaction)

Complement-mediated TMA

Enteric infection with a Shiga
toxin—secreting strain of
Escherichia coli or Shigella
dysenteriae

Quinine and possibly other
drugs, with multiple cells

affected by drug-dependent

antibodies

Multiple potential mechanisms

(e.g., VEGF inhibition)

Antibody inhibition of comple-

ment factor H activity

Initial presentation is more common in young
children, typically with acute kidney injury;
most cases are sporadic; large outbreaks
also occur.

Initial presentation is a sudden onset of
severe systemic symptoms with anuric
acute kidney injury.

Gradual onset of renal failure occurs over
weeks or months.

Initial presentation is acute kidney injury in
children or adults.

Supportive care

Removal of drug,
supportive care

Removal of drug,
supportive care

Plasma exchange,
immunosuppression,
anticomplement agent

Y [ 4 LN IRA
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Opoupwrikéc MikpoayyeionaOeiec

Hereditary TTP Hereditary -
=% complement-mediated TMA
Coagulation-mediated Acquired TTP s
' complement-mediated TMA
Drug-mediated TMA Drug-mediated TMA
(immune reaction) (toxic dose-related
reaction)
Metabolism-mediated TMA Shiga toxin-mediated
(cobalamin deficiency) TMA (ST-HUS)

George J. et al NEJM 2014;371:645-



TTaBGowuaioAoyia T TP

INMEPA KAAXGS KaTtavonTtn mado¢guoioAoyia
YoPfapn Aatovpyikn avemrapkeia ADATMS13

!

VOO WPEVOEIS LITEPHEYEOWY TTOALHEPDV VWF

!

AvTtouartn dnuiovpyia Opoupwv AMI (apTnpioAia -

TPIXOE&I5N)
MikpoayyelomaOnTikn AIHOAUTIKR Avaiyia TToAvopyavikn Ioxaipia

Opoyporevia and karavaAwon




vWF

Mgyalo YPAUMIKO TTOAVHEPES QTTO OMOIES DTTOHOVASES
T0vOeon: ev60OnAiaka KOTTapa — HEYAKAPLOKLTTAPA
AmmoBnkevon: Weibel-palade bodies / a-granules

'EKKpIoN: HEYAAO HOPIO, HEYAALTEQPO TOL PLOIOAOYIKA
KVKAogopoLvTog (ultralarge YWF-1GD - 1 mm) —
MPOO&EoN OTNV EMPAVEIA TOV EVE0ONAIAK®V KLTTAPGV
mOava o YALKOZAUIVOYALKQAVES

'Ektraon vmo tnyv emidpaon Tng SIaTtUNTIKAG MiEONS TOL
KUKAOpOPOLVTOG aijarog — mpoodeon AMI -
OXNHATIOHOG SiKNV KXAVTIPWYV OE& TTETOVIAN — TTEPAITEQP
EKTAON — amoKaAvyn 1oL SeouoL Tyr'é05-Met1606
mPwTeoAvon amro ADAMTS-13

1982 Moake et al - mapovoia ULVWF oe aocOBeveig e
xpovia vrrorpomalovoa TTP
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A Disintegrin And Metalloprotease with a
ThromboSpondin type-1 motif, member 13

Napaywyn: Kupiwg ‘Hrap (stellate cells) — aAAa kai
Ev6oOnAiaka KOTTapa

ASioonpeiera a16iké évivpo: slaoma povo Tov VWF Kat
LOVO OTO S£0O Tyr'405 - Met1606

Eival ouvexwg evepyo - Agv £X&l YVOOTO avaoToAéa — H
MEWTEOALTIKR Spaon pLOUIZeTal ATTO TNV TTEPIOPICHEVN
mPooPaon oT1o SECUO O OTTOIOC EiVAl KPVHUEVOG OTOV
avadimAopevo VWF.

1998: 2 ave€apTtnreg Snuooievoeig amo Furlan kai Tsai —
ammovoia SpaoTtikotntag ADAMTS13 o¢ aoOeveig pe TTP

— N EMTTEIPIKN OLPATTELTIKN AVTIHETDTTION ATTEKTNOE
AOYIKN
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TTP

2 HOPPEG

'S’

OIKOYEVNG EmikTnTn

(un mapaywyn ADAMTS13  (mmapovoia
AOY® pETAANOEEDV) AVTIOCWHATOG)




TTaBGoyuaioAoyia

a Healthy

Redtiood  Endothelial  Resting
ol cel

Kremer Hovinga J. et al Nature Reviews
017;3:17020



TTa@oyuaioAoyia

ADAMTS13

Subunit

FVII GPIb | Col1/3
Col6
ADAMTS13

_
WFJ*@&*%&

Multimer
Evan Sadler J. Blood




TTaBowuaioAoyia

Thrombotic
Thrombocytopenic Physiology
PUI’pUI’H Ultralarge VWF multimers
secreted from endothelial cells
No
Circulating ADAMTS13 /™ Circulatin
ultralarge REGMEES ‘ ' normal g
VWF multimers At i? 5 e ~ VWF multimers
Endothelium //;‘\
’erythrocyle s
i
‘{', = Schistocytes
‘ (blood smear)
/ v
ischemia .- SRR AR
i | icroth rombi
\ . @ __J: {anatomopathology)

Joly B. et al Blood
2017;129:21
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ADAMTS13

30-74 80-286 287-383 384-439 440-556 556-685 682-730 742-805 808-859 896-950 951-1011 1012-1068 1072-1131 1192-1298  1299-1427

Proximal domains (MDTCS) Distal domains

B Interaction
with VWF

]

Ta
"

ST-100% 14-3T% 3164

r N 4 4

D . - BEEE - E - 8 B D

Kremer Hovinga J. et al Nature Reviews




TTaBoyuoioAoyia |

> Blood Flow >

Vessel Wall

ADAMTS13

Mutations \

ADAMTS13 55

Anti-ADAMTS1 3_/

Antibodies

Normal Hemostasis

Mo

Evan Sadler J. Blood 2017



EmidnuioAoyia

ITTAVIA VOO OG
EmmoAaopog: 10 mePITTTAOOEIS / EKATOMLPIO
Eminmreoon: 1 veéa mepITTTedon / EKATOULPEIO / £ETOC

2X Yuvaikeg — yavpol / idia avaloyia o€ lamwveg
A/T

Yuoxition pe HLA-DRB1*11 / HLA-DRB1*4 mipooT.




| EmdnuioAoyia

A A ASVASVASVASVASYVASY,

Adulthood-onset TTP

O Childhood-onset TTP

@ nherited TTP

© Acquired TTP

100 TTP patients

Joly B. et al Blood
2017;129:21




KAivikn Eikéva

OpoupoTevia Emiotaln, TTeTéxeiec, Ouhoppayia, Aipartoupia,
Mnvoppayia, Aigoppayia TeTTIKOU, AlHoppayieg
apeipAnaTpocidoug, AIHoTTUCN

K.N.Z. > Uyxuon, KepaAaAyia, TTdpeon, Agaocia, AvoapBpia, Kwua
(10%)

Mn €1dikd ovpmtTwpata  (QxpoTtnTa, ‘Iktepoc, KatapoAn, ApBpaAyisc - MuaAyieg

Neppikn ouppeToxn AcukwpaToupia, MikpookoTikh aipatoupia, ONA omdvia

Kapdid Owpakiké dAyoc, Kapdiakh avemdpkeia, Ymotaon (1oxaipia
Huokapdiov)

rE.Z. KoiAiaké dAyog, Aidppoieg (peoevTépia ioxaipia)

TTveUpoveg 2. Ttavia




EpyaoTtnpiakéc ‘EAcyxoc

Fev. AigaTtog

Emixpioya mepIPEPIKOL AINATOG

Bioxnuika (Kpeativivn — LDH - XoAegpuvOpivn)
ATITOOQAIPIVES

Aipooraon (PT - aPTT - IveoSoyovo — D Dimers)
Apecog Coombs

Tpotovivn

ApaoTikotnTta ADAMTS13 - eAeyxog yia
AVAOTOAEQ




EpyaoTnpiaxka svpnuata TTP

- Avayia

« Opoupormevia

- 'Eppecog YepXoAepLOpIvaipia

« 1771 LDH (AipyoAvon + loxaipyia opyaveyv)
 Apegocog Coombs (-)

¢ 'EAeyXOG QINOOTAONG: K.¢P.
« 'EAANayn SpaoTtikotntag ADAMTS13 (< 10%)
- MMapovoia avactoAéa ADAMTS13

- Emixpiopa mePIPEPIKOL AIHATOC — OXICTOKLTTAPA
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2 X10TOKUTTApA

American Journal of Hematology 75:18-21 (2004)

Morphologic Diagnosis of Thrombotic
Thrombocytopenic Purpura

Edward R. Burns,’?* Yenmay Lou,? and Anjali Pathak?

" Department of Pathology, Albert Einstein College of Medicine, Bronx, New York
EDepanment of Medicine, Albert Einstein College of Medicine, Bronx, New York

TABLE |. Incidence of Schistocytes on Peripheral Blood Smears

Patient groups N Prevalence (%) Mean £ SD (%) Range (%)
Normak 40 58 005 £ 003 0027
Chronic renal disease 24 a3 0.2]1 £ Q.18 006
Preaclampsia 5 Bl 0.25 £ 008 045
Mechanical valves 5 1 (uy 018 £ 015 (-0 48
TP 6 1 (u() B35 £ 274 | 0-184

Aev vrapyxel cut off
2 n meploo. / onmiko medio 100x n >1%




Aayvwon

KAaooikn Mevrada Xe 65 aoOeveic (Oklahoma Registry)

- MAA 100%
¢ Opouporrevia 100%
« NevpoAoyika

- JoBapa (Kkoua, oCTTacHoi, E0TIAKN

MikpoayyeiomaodnTikn
AlgoAuTikn Availpia

Opoppomevia onueioAoyia) 35%
MupeTdC - 'Hma (ovyxvon, kepalaAyia, KAm) 31%
- Xopig 34%

NevpoAoyika ocopntopara °© Negppoi
. _ - ONA 6%
NeppIKN avemapkela - N. SvoAeiTovpyia N%
- dvoioAoyikn AeiTovpyia 53%
¢ Nuperog 23%
- Mevrada 5%




Aayvwon

MikpoayyeliomradnTtikn AlgoAuTIKN Avaipia +
OpouporTevia o€ TTPONYOLHUEVMGS LYIEC ATOMO
+ aAAa ovunTTOMATA / evPNUATA

{

| TP

ApacoTtikotnta ADAMTS13 - Napovoia avacToAta

N — e —




PLASMIC score

Derivation and external validation of the PLASMIC score for

rapid assessment of adults with thrombotic
microangiopathies: a cohort study

Pavank Bendapudi, Shelley Hurwitz, Ashley Fry, M arisa B Marques, Stephen WWaldo, Ang Li Lova Sun, Vivek Upadhyay, AyadHamdan,
Andrew M Brunner, John M Gansner, Srinivas Viswanathan, Richard M Koufman, Lynne Ul Christopher P Stowel, Walter H Drik, Robert S Makar




PLASMIC score \

Polnts*
Elq’reles Platelet count <30x 10" per L 1
ySis _

Active cancer Haemolysis variablet 1

Stem cell or Solid organ No active cancer 1

transplant Mo history of solid-organ or stem-cell transplant =~ 1

MCV MOV <g0 Lt 1

INR INR <15 1
Creatinine =

Creatinine <2-0 mg/dL 1

INR=intemational normalised ratio. MOV=mean compusoslar volume. *Score of 0-4
denactes low risk for severe ADAMTS13 deficiency; score of § denotes intermediate
risk; score of 6 or 7 denotes high risk. tReticulocyte count »2-5%, or haptoglobin
undetectable, or indirect bilinsin =2-0magdl 3900 1074 L

Table 3: The PLASMIC score for prediction of thrombotic
microanglopathy assoclated with severe ADAMT513 deficlency

Bendapudi P. et al. Lancet Haematol, on line, March 1, 2017
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PLASMIC score

Derivation cohart
(=200 validation cobort  validation cohort
{n=150) (n=146)
4 UE4(W) 089 (0% 4T (4%)
5 244 (5%) 32 (%) 625 [24%)
Gar7  SH7I(BIE) 1829 (62%) 6Y74 (B2%)

Data are number of indradwals with A DAMTS 13 actraty of 10% or ey tokal
numiber of indindisals with that score (%)

Table 4: Validaticn of the PLASMIC score

£
.
2
3 50
£
&
254
—— 5o Gor ¥ (= E
— Soore § {n=44)
Log- rank 00001 —— Soore O-4 =S4}
0 . . . . . .
A 15 30 45 B 75 90

Bendapudi P. et al. Lancet Haematol, on line, March 1, 2017
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PLASMIC score

Table 2 External wvalidation of the PLASMIC score using 108
patients with thrombotic microangiopathy (TMA)

PLASMIC score risk prediction

Low risk, Intermediate, High risk,

score 04 score 5 score 67
(n = 49) (n=34) (n=25)
ADAMTS-13 testing
Severe ADAMTS-13 0(0%) 2 (6%) 18 (72%)
deficiencyf
ADAMTS-13 < 10% 0(0%) 2 (6%) 16 (64%)
Positive ADAMTS-13 2 (4%) 2 (6%) 14 (56%)
inhibitor{
Treatment received
Plasma exchange (PEX) 15 (31%) 19 (56%) 22 (88%)
FFP prior to testing 10 (20%) 13 (38%) 4 (16%)
Clinical diagnosis
Autoimmune TTP 0 2 19
HUS or aHUS 3 2 2
Rheumatologic 1 1 2
Malignant hypertension 3 5 0
Drug associated 1 1 0
Transplant associated 17 2 0
Sepsis +/— DIC 11 10 1
Cancer +/— DIC 3 3 0
Obstetric +/— DIC 2 3 0
Other DIC 3 2 1
TMA-mimic 5 3 0

Li A. et al Journal of Thrombosis and Haemostasis



Survival probability
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PLASMIC score
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Li A. et al Journal of Thrombosis and Haemostasis




OepameUTIKR AVTIHETWTION

|IOTOPIKA, OXESOV TO OLVOAO TV AOBEVWV
OAvATOC EVTOC UNVOC
oo 40 eTdv aviaAAayn TTAOQOUATOC
APQAOTIKN Bepartreia

1991: G. Rock === Kabicpwon w¢ Standard
of care

N e .




PEX

COMPARISON OF PLASMA EXCHANGE WITH PLASMA INFUSION IN THE TREATMENT OF
THROMBOTIC THROMBOCYTOPENIC PURPURA

GaiL A. Rock, Pu.D., M.D., KenneTH H. SHUMAK, M.D., NokL A. Buskarp, M.D.,
Victor S. BuancHETTE, M.D., Joun G. KeLton, M.D., Rama C. NaIr, Pu.D., RoBerT A. Spasorr, M.D.,
AND THE CANADIAN APHERESIS STuDY GROUP*

1.0
Plasma exchange
2 08 ang
2 -
c
t?) 06 Plasma infusion
S o
t 04
8 p—
e
a 02 |
0 1 L 1 i [
0 5 10 15 20 25 30
Week
Figure 1. Survival of Patients with Thrombotic Thrombocytopenic
Purpura.

The survival curves differ significantly (P = 0.036 by the
Breslow—Gehan test).




Journal of Clinical Apheresis 31:149-338 (2016)

Guidelines on the Use of Therapeutic Apheresis
in Clinical Practice—Evidence-Based Approach from
the Writing Committee of the American Society
for Apheresis: The Seventh Special Issue

Joseph Schwartz,’ Anand Padmanabhan,? Nicole Aqui,® Rasheed A. Balogun,’
Laura Connelly-Smith,®> Meghan Delaney,® Nancy M. Dunbar,” Volker Witt,®
Yanyun Wu,® and Beth H. Shaz''%'"*

Thrombotic microangiopathy, TPE THBD mutation 111 2c
coagulation mediated
Thrombotic microangiopathy, TPE Complement factor gene mutations 111 2C¢
complement mediated TPE Factor H autoantibodies | 2C
TPE MCP mutations 111 1C
Thrombotic microangiopathy, drug TPE [Ticlopidine | 2B
associated TPE Clopidogrel 111 2B
TPE Calcineurin inhibitors 111 2C
TPE Gemcitabine IV 2%
TPE Quinine |AY 2C
Thrombotic microangiopathy, TPE 111 n°
hematopoietic stem cell
transplantation associated
Thrombotic microangiopathy, Shiga TPE/IA Severe neurological symptoms 111 .,
toxin mediated TPE Streptococcus pneumoniae 111 20
TPE Absence of severe AY 1C
neurological symptoms
Thrombotic thrombocytopenic purpura TPE I 1A

—_———




OepamweUTIKR AVTIHETWRION

« AvraAAayn mAAoMATOG
- KopTikooTepoeldn




!/ AvraAAayn wAaoparoc (Plasma
Exchange - PEX)

Ka®nuepiva avralAayn evog OyKou
MTAQOHUATOG £GG:

« duoioloyikwwv AMIM -LDH x2 Hn
- 1TaO¢poL ap. AMM x 3 H




h

KopTikooTepoeidn

®&ton WG ALTOAVOOOL VOONUATOC
Aoocoloyia:
Methylprednisolone 10 mg/kg/d x 3 H

2,5 mg/kg/ H otn ovuvéxeia

daiveral OTl LITEPTEPEI TS oLVNOOLS S00NC
(1 mg/kg/ H)

Joly B. et al Blood 2017;129:21
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AvTiaigoreTaAiaka

MNaAaia:; vai

INMEPQA: Sev EXOoLV BEon agoL dev Exouvv
Spaon ot1o onueio mpoodeoncs Twv AMI pe
Tov VWF




MeTayyioeic aigoreTaAiwy

«Aadl oTn PpTION

Epyaoiec — av€nuevn EMMTOON APTNPIAK®V
OpouPwoe®V
AAANEC epyaOieC > XWPISC apvnTIKN Spaon

KatevOuvrnpieg odnyieg: ovortaon  yia
Xxopnynon Movo o€ ameIAnTikn yia tn Zwn
algoppayia




Rituximab

off label xpnon

Xpnon o€ avOeKTIKES N LITOTPOMALOVOEG
MEPITITATEIC

MpopuvAa&n vToTpoTT®V
1ovneOng Soocoloyia: 375 mg /m2x 4 epd

Xpnon otnv oécia ¢paon: aAviiIKPOLOUEVEG
ATTOWEIG




2 oPapeEg HopYES

XwpPIic opopwvia yia KaADTEPN TTPOCEYYION OTIC
AVOEKTIKEG — EMIKIVOLVEG yia TN {N HOPPES

- Evramkomoinon mAaocpagaipeons: 2 oovvedpieg /
H - 1,5 oykog mAaopuarog / ouv.

« 'Qoeig cyclophosphamide
- Bortezomib
*  ITTANVEKTOMN




AnwrepeC EmimAokéc

CRITICAL REVIEW

Long-term outcomes of thrombotic microangiopathy treated
with plasma exchange: A systematic review

Bashiar Thr.ejer:l,"3 Amit X, Garg,z'm William F. Clark,”* Aiden R. Liu,® Arthur V. Iansavichus,” and
Ainslie M. Hildebrand®*

YroTpomeg: ovxveg / = 10% TV acOevav medaivel peoa
oTa 3 £Tn ammo Tn Siayveon

AocOeveic — Kapdiayyeiakeg emmAokeg (vmmeéptaon) — XNN -
NpoekAapwia — AEE - v olakeg Siarapaxeg

Thejeel B. et al AJH 2016;91:6
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ADULT-ONSET ACQUIRED TTP

v

Standard treatment of acute TTP
Daily therapeutic plasma exchange (TPE) (+ steroids) in emergency until remission

J T |

COMPLETE RESPONSE UNRESPONSIVE TTP TTP EXACERBATION
Full clinical recovery Platelet count < double the Worsening clinical manifestations
AND recovery of a normal initial, after 4 days of AND/OR recurrent thrombocytopenia
platelet count (>150 x 10%L) standard intensive treatment (<100x10°%/L for at least 2 days) AND/OR
for at least 2 days AND persistently elevated worsening thrombocytopenia (platelet count
LDH levels decrease > one-third the highest count, for at

least 2 days) with no other identifiable cause

Add rituximab to daily TPE
| If organ failure, consider twice daily TPE then additional salvage therapies

Remission and follow-up (medical consultation and ADAMTS13 monitoring)

¢ ?

DURABLE REMISSION
Complete response AND no further thrombocytopenia or i 'L —3 Decrease of ADAMTS13 activity <10% during
clinical worsening during at least 30 days following the first follow-up
day of platelet count recovery l

RELAPSE Consider preemptive rituximab

Reappearance of clinical manifestations AND/OR to prevent TTP relapse
thrombocytopenia (<100x10%L for at least 2 days) with no
other identifiable cause after achieving a durable remission

Joly B. et al Blood

 — 2017-120-219




2 Toxevovrac aTtnv waowuaioAoyia Tne TTP
TMapov kai MéAAov

Plasma Recombinant
Rituximab Exchange ADAMTS13 Caplacizumab

LR
Ay

Bortezomib

N-aceltylcysteine

Evan Sadler J. Blood 2017



Replacement therapy
[Front-line treatment]

Immunomodulation

Steroids

V Vincristine Cyclosporine
rADAMTS13 Elasma Rituximab Cyclophosphamide Bortezomib
exchange Splenectomy Eculizumab

-
-

;
l * Anti-ADAMTS13 autoantibodies Other targets

ADAMTS13

von Willebrand
factor

Platelet !
GPIb | Platelet
i GPlb

Inhibition of VWF- Caplacizumab
platelets interaction

Fig. 1 Therapeutic targets in thrombotic thrombocytopenic purpura (TTP). ADAMTS13 is represented in red, anti-ADAMTS13 autoantibodies in blue
and von Willebrand factor (VWF) monomers connected in multimers by disulfide-bonds in green. Replacement therapies include plasma exchange
and recombinant ADAMTS13 (rADAMTS13). Immunomodulation drugs are based on steroids and rituximab, and less frequently on vincristine and
cyclophosphamide; splenectomy is indicated in italics because it is a surgical procedure. Other drugs are either historical such as cyclosporine, or
emerging such as bortezomib and eculizumab. Caplacizumab and N-acetylcysteine (NAC) are promising therapies

Joly B. et al. Intensive Care Med, on line, January 23, 2017
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OepaweVTIKOI OTOXO!

Target 1
ADAMTS13

Replacement
therapy
1. Plasmatherapy
2. rADAMTS13*

TaArnEE 2 Target 3

ADAMTS13 ¥y
auto- Willebrand

antibodies factor

Immunomodulation Inhibition of VWF-
1. Steroids platelets interaction

2. Rituximab 1. Caplacizumab™
3. Others 2. N-acetylcystein™

Joly B. et al. Eur J Haematol. 2018;101:425-434




Caplacizumab

EiSn Llama — avriooupara pye pia papsia aAvoo

A10Oevng e€avOpwITomoInpéEvn avoooogpaipivn
llama (nanobody) mov avayvwpeile To Al
domain Tov avBpatmivov VWF — gummodilel Tnv
mpookoAAnon VWF - AMI GP Ib
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Caplacizumab for Acquired Thrombotic Thrombocytopenic
Purpura

Flora Peyvandi, M.D., Ph.D., Marie Scully, M.D., Johanna A. Kremer Hovinga, M.D., Spero Cataland, M.D.,
Paul Knébl, M.D., Haifeng Wu, M.D.,* Andrea Artoni, M.D., John-Paul Westwood, M.D.,
Magnus Mansouri Taleghani, M.D., Bernd Jilma, M.D., Filip Callewaert, Ph.D., Hans Ulrichts, Ph.D.,

nvestigatorst
Table 2. Primary and Secondary Efficacy End Points in the Intention-to-Treat Population. ) |
Caplacizumab Placebo
End Point (N=36) N=39)
Primary end point
Time to response: caplacizumab vs. placebo
Event rate ratio (95% Cl)* 2.20(1.28-3.78)
P valuet 0.005
Patients with no PE before randomization Lom
I Median time to response (95% Cl) — days 3.0 (2.7-3.9) 4.9 (3.72-6.6) I 0.94 : : EIZF’C:;:L:I’:;"E E;ii::;z;z:ﬁ;iu“""
| Confirmed response — no. (%) 29 (81) 24 (62) | «5 03] ! — — Caplacizumab, PE before randomization
Data censored at 30 days — no. (%) 5(14) 11 (28) -EE 0.74 : ) ~ — Placebo, PE before randomization
Patients with one PE before randomization % 5 0.64 :
Median time to response (95% Cl) — days 2.4 (1.9-3.0) 4.3 (2.9-5.7) g; os] !
Confirmed response — no. (%) 2 (6) 4 (10) S& 04
Data censored at 30 days — no. (%) 0 0 E_-E 0.3+
Secondary end points & ‘E 0.2+
Exacerbation of TTP — no. (%)F 3(8) 11 (28) I 0.1+
Relapse — no. (%) % 3 To 15 20 25 30
During 1-mo follow-up period 8 (22) 0 Days
During 12-mo follow-up periodf 11 (31) 3(8)
Complete remission after initial daily PE — no. (%2)9 29 (81) 18 (46)
Mean no. of PE days (range)
During daily PE period 5.9 (3-15) 7.9 (2-35)
During overall study-drug treatment period 7.7 (3-21) 11.7 (2-43)
During the first 30 days of follow-up 10.2 (4-29) 11.7 (2-43)
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Caplacizumab (HERCULES)

145 aoBeveic

« Huépec mAaouagaipeonc - 38%
¢ 'OyKOC TAOOUATOC -41%
«  Huépec MEO - 65%
«  Huépec voonAeiag -31%

« TTP oxenidopevog BavaTog, LTTOTPOTIN, ueilov
OPOoUPROEUPROAIKO €TT. 12,7 — 49,3%




N-acetylcysteine

N-acetylcysteine reduces the size and activity
of von Willebrand factor in human plasma and
mice

Junmei Chen, ..., Heyu Ni, José A. Lépez

J Clin Invest. 2011;121(2):593-603. https://doi.org/10.1172/JC141062.

MPOKAIVIKEG HEAETEG — TTPOPLAAEN aTo BpouPwon oe ADAMTS13
knockout movrikia ammomoAvpepiovrag moAvpepn VWF

MovTtélo TTP mpokaAovLpuevo pe eyxvon avOpomivov VWF oe ADAMTS13
knockout movrikia, ageon éyxoon — mpo¢LAA&n amo Opouporreviq,
avaipia Kai VEKp@aon HLOKApPSIioL — eve eyxvon HeTa 1 @pa — XWEIS
ATmoTéEAECUA. @

NMpogvAa&n amo VWF e€aptapevn 6poupwon oTn HIKPOKLKAOPOpPIa
aAAa un emidpaon og Nén oxnuatiocuivo Opoupo

Xpnon o¢ 8 aocOeveig: 5 avramokpion — 3 oxl

MAoTikn peAETN pe xopnynon 150 mg/kg o€ eéyxvon 1 wpag
akoAovOovpuevn amo xopnynonl150 mg/kg oe eyxoon 17 PV HETA
TNV PEX




Avaravrnrta Epwrtnuara

- TaTi Kamolol acOeveiC avamTdOOOLV AVTICWHATA EVAVTI
NG ADAMTS13;

- A0Ogveic ye onwn N Kippwon Exovv cofapn EAATTOON
SpaoTtikotntag ADAMTS13 xwpic ekdnAwon TTP

- Iofapn eAartoon SpaocTtikotntac ADAMTS13 o¢
aoOeveig o€ TANPEN LYPEON HETA ATTO avappwon amo TTP.
Mepikoi vrroTpomialovy, aAAda KATTOIOI £TTi £TN — XWPIG
LITOTPOTIN

¢ OnAza atopya ge ovyyevn EAAeIYn ekdnAwvoouyv TTP kara
TNV TTPTN EYKLHOOLVI

Avemrapkela SpaoTtikotntag ADAMTS13 — armoTeAsi
Avaykaia aAAa oxl1 Ikavn ocovenkn yia ekénAwon TTP




AiTioAoyikoi Tlapayovrec

The known players

Causing factors Predisposing Precipitating
factors factors
ADAMTS13 Female gender Conditions increasing
severe deficiency Black ethnicity VWF levels
(autoantibodies, gene mutations, HLA-DRB1*11 (inflammation, infections,
other mechanisms) Obesity pregnancy...)
> € ‘
TTP
-

' |

Protein candidates

Cell receptor / carrier protein for ADAMTS137 Cellular candidates
Physiclogic inhibitor to ADAMTS137 Platelets?
Variability of VWF sensitivity to ADAMTS13 Endaothelial c;ells?

linked to VWF polymorphisms or to factor H?

The unknown players

Joly B. et al Blood
2017;129:21




HELLENIC HAEMAPHERESIS SOCIETY

EAAHNIKH ETAIPEIA AIMADGAIPEXIHX

Karaypapn ApaoTnpidéTnrac
Apagaipeonc otnv EAAGda

Mavayiwrtne Kapuac
AipgaroAdyog
Apatohoyiko E.I. 417 NIMTZ

e —




Ap. ouvedpiwy via TTP

ETOX 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

# 206|321 417 420 478 394 703 523 627 398 506




Take home message
bjh

Guidelines on the diagnosis and management of

thrombotic thrombocytopenic purpura and other thrombotic
microangiopathies

Marie Scu"y,l Beverley J. Hunt,” Sylvia Benjamin,’ Ri Liesner,® Peter Rose,” Flora Pennndj,"‘" Betty Chmmg7 and Samuel J.
Machin® on behalf of British Committee for Standards in Haematology

Recommendation

1 The diagnosis of TTP should be treated as a medical
emergency (1A).

2 The initial diagnosis of TTP should be made on clinical
history, examination and routine laboratory parameters
of the patient, including blood film review (1A).

3 In view of the high risk of preventable, early deaths in
TTP, treatment with PEX should be initiated as soon as
possible, preferably within 4-8 h, regardless of the time
of day at presentation, if a patient presents with a
MAHA and thrombocytopenia in the absence of any
other identifiable clinical cause (1B).




EpwTthosic;




Métpnon dpaoTikoThtac ADAMTSI13

O1 S1IELBLVOEIC TWV EPLYACTNPIWV TTOL BO
ATTOOTEANOVTAI TA SelypaTa €ival ol EENC:

'NA AAIKO: N.Y. Aiuodooiag, EpyaoTtnplio

AluooTtaonc, Ayiov ©wua 17, Tovdn, T.K.11527,
ABnNva. Ymevduvvn ka ‘'OAya Katoapoo

NO I.MMANTANIKOAAOQY: Epyaotnpio MopIaknc Kal
KOTTapIKNG BioAoyiac, AIUOTOAOYIKN KAIVIKN-
MMAK, KTipio Xtopyn, E¢€oxn, T.K.57010,
©cocoalovikn. Ymevlovn ka EAevn FrappinAakn




‘ OAHIIEZ ZYAANOTHZ, 8YAA=HZ KAI
ATIOZTOAHZ AEITMATON

EmBopuntn eival n cuAAoyn Kal armoBnkevbon SEYUATWY TIPIV TNV £VAPEN
TNG BepaTTEiac N TTPIV TNV TTOWTN TTAAOUAPAIPECN (OTAV &ival EPIKTO).

ANwn &eiypatoc o€ VO PIaAiIdIa pe avTITTINKTIKO sodium citrate 3,2%, 4.5
ml.

AITTAN puyokévTonon (2500 rom X 15min kGBe popd) KAl ATTOXWPICHOG
TOUL LTTEPKEIUEVODL, TO OTTOIO PLAQCCETAI O¢€ 4-5 aliquots (~0.5
ml/aliquot - eppendorf tubes). ATTapaiTNTN €ival N CWOTH avaypadpn
TV OTOIXEIV TALTOTTOINONG TOL ACBEVOLC O KABE TWANVAPIO.

POAaEN oTove -30° C £wg -80°, evTOC 3h maximum atro TNV alpoAnwia.
| ATTOOTOAN TV owANvapiwy eppendorf oe Enpo mayo(-20 £wc -30° C).

Av Sev LTTAPXEI N SLVATOTNTA SIEVEQYEIAS TNC AVWTEPW S1adIKATIag, Ta
SElyuaTa PTTOPOLY VA ATTOOTEANOVTAI OTO £E0YAOTNPIO,
APLYOKEVTONTA (EVTOG 2h ATTO TNV AINOANWIA), O€ EPYACIUEC NUEPES
KAl WEEC KATOTTIV OLVEVVONONC

N e - SE——




